In this study, Annona coriacea Mart., Annonaceae, was examined for possible toxic effects on brain, liver and kidney of mice exposed to crude extract of the seeds (CESAN) of this plant. CESAN was administered by gavage for four days at doses of 12.5, 25, 50, and 100 mg/kg/day. Significant changes on liver were observed, which showed reduction in the number of hepatocytes per area and increase the apoptotic index in the exposed groups, and changes in the cytoplasm and nucleus of these cells and reduced consumption of water and feed in these animals. For the other studied areas, brain and kidneys showed no changes in the parameters used in this study. The results suggest hepatotoxic effects of CESAN, but without damage to brain and kidneys in this experiment, showing a toxic potential to this species, as to the Annonaceae family.
Introduction
The Annonaceae family consists of 130 genera and 2000 species of tropical fruit (Alali et al., 1999; Almeida et al., 1998; Santos & Salatino, 2000; Cruvinel et al., 2007) with pharmaceutical and economic potential (Braga Filho et al., 2007; Ribeiro et al., 2009 ). This family has plants such as cherimoya (A. cherimoia), ox-heart (A. reticulata), custard-apple (A. squamosa) and Brazilian pawpaw (A. muricata) (Ribeiro et. al., 2000) . Concern about this family is due to the promising studies linking them to cytotoxic (Sahpaz et al., 1994; Jaramilho et al., 2000; Osorio et al., 2007) ; antiprotozoal (Jaramilho et al., 2000; Grandic et al., 2004; Osorio et al., 2007; Toledo et al., 2011) and it has recently been verifi ed that the extract of Annona coriacea Mart., Annonaceae, obtained from Brazilian cachaça presents activity against the promastigote form of Leishmania amazonensis at concentration 175 µL/mL (Toledo et al., 2011) ; and antitumoral effects (Rupprecht et al., 1990; Ahammadsahib et al., 1993; Alali et al., 1999) , as well as inhibitory activity on cell growth (Cavé et al., 1997; Tormo et al., 1999) , what makes plants such as A. muricata and A. cherimoya, future candidates for drugs (Oberlies et al., 1997; Tormo et al., 1999; Liu et al., 2007) , as well as Annona coriacea.
Inhibitory activity on the complex-I (NADH: ubiquinone oxidoreductase) of mitochondrial respiratory chain in mammals and insects has been related to this family, whose activity was attributed to acetogenins, the most important class of substances found in this family (Londerhausen et al., 1991; Degli Esposti et al., 1994; Hollingworth et al., 1994; Degli Esposti, 1998; Tormo et al., 1999; Lannuzel et al., 2003) .
Annona coriacea Mart., Annonaceae, is a native fruit of Brazil disseminated across the Cerrado region. Its popular name, araticum, is given to different species from the same family, being known by other names as popular marola, articum and araticum-liso (Ruprecht et al., 1990; Almeida et al., 1998; Fagundes et al., 2005; Coelho et al., 2006) . The araticum fruit is consumed by the population for the treatment of infl ammatory processes, to a lesser extent, as food (Fagundes et al., 2005) and as digestive (Agra et al., 2008) . However, studies on this species have not corroborated its popular use (Champy et al., 2004) .
According to Coelho et al. (2003 and A. coriacea generates hemagglutinating activity on human erythrocytes, and induction of neutrophil migration into the peritoneal cavity of mice resulting in infl ammatory response; its activities are related to lecithin isolated from the seeds of this plant. Two acetogenins, coriadienin and gigantetronenin, were isolated from roots; both have cytotoxic activity (Silva et al., 1996) . According to Fagundes et al. (2005) the CESAN generates an increase of micronuclei in cells from bone marrow and genotoxic activity in mice.
Given the popular use of A. coriacea as food or for medicinal purposes and in view of the large number of studies linking toxic activities of the Annonaceae family, this study aimed to investigate possible toxic activities of this plant on brain, liver and kidney.
Material and Methods

Plant material
Annona coriacea Mart., Annonaceae, was collected between March and October 2001 in Senador Canedo, Goiás, Brazil. The material was identified by Dr. José Ângelo Rizzo, curator of the Federal University of Goiás Herbarium collections, and a voucher specimen was deposited (reference number 40004) in the herbarium of that university.
Preparation of plant extract
Pulverized dried A. coriace seeds (100 g) were exhaustively macerated with 500 mL ethanol (70% v/v) for 5 h with mechanic agitation for three times. The plant ethanol extracts were then concentrated in a rotating evaporator under reduced pressure at 40 °C until all solvent was evaporated, which resulted in CESAN.
Animals
Male Swiss mice (25-30 g), from the "Indústria Química de Goiás" (IQUEGO) were used. The animals were separated and housed (five per cage) in standard plastic cages with stainless steel coverlids and wood shavings as bedding. Photoperiod (12 L:12 D), room temperature (23±1 ºC) were controlled in the animal facilities. All mice had free access to water and were fed ad libitum with a commercial rodent diet. The amount of food and water consumption, excreta and weight were evaluated during the experiment. Experiments were approved by Ethics Committee from Federal University of Goiás protocol number 162/06 [CEPMHA/HC/UFG] and conducted in accordance with the "Colégio Brasileiro de Experimentação Animal" (COBEA) and Food and Drugs Administration (FDA).
Treatment
Mice were divided into six groups (five mice/ group). CESAN was dissolved in tween-80 and saline [1:10] and given as a single dose per day for four days orally by oral feeding tubes as follows: Group I: Control (saline), Group II: Vehicle control (tween 80 and saline [1:10]/mouse/day), Group III: A. coriacea extract (12.5 mg/kg body weight/day), Group IV: A. coriacea extract (25 mg/kg body weight/day), Group V: A. coriacea extract (50 mg/kg body weight/day), Group VI: A. coriacea extract (100 mg/kg body weight/day).
The proceedings were realized according to Olfert et al. (1993) and Fagundes et al. (2005) .
Histology
From all groups, liver, kidney and encephalon samples were collected 24 h after the last administration of CESAN. Histological preparations were carried out with treated and control samples, which were fixed in ethanol (70%) for two weeks. In the post fixation, the tissues were dehydrated in a graded ethanol series, xylol and embedded in paraffin. Thin sections (6 µm) were stained with hematoxylin and eosin (HE) (Fagundes et al., 2005) .
Morphometric analysis
The images were captured using a light microscope Leica DMI 4000B coupled to a Leica camera and computer, and a light microscope Leica DM 2000 coupled to a Canon PowerShot S80 camera. The morphometric analysis was performed using the ImageJ 1.40 software and Leica Application Suite.
In the cortex of frontal, parietal and occipital lobes, midbrain and olfactory bulb, images with 40x objective with total area of 38000 µm² were made, and the number of cells per area was analyzed. For the cerebellum, the images were made with 20x objective, with total area of 152550 µm², as well as the number of cells per area in the molecular layer and Purkinje cells layer Moreno et al., 2007) .
The analysis of the liver was performed at 1008x magnification with total area of 19000 µm², with cell frequency/area calculation (Moreno et al., 2007) .
For the kidneys, internal diameter (limit of the glomerulus), external diameter (distance between the boundaries of Bowman's capsule) and area of Bowman's capsule were calculated (Moreno et al., 2007) . Images were obtained with 640x magnification with total area of 47.200 µm².
Apoptotic index
Apoptosis was quantified by morphometry using digitized images of liver slides stained with HE. The minimum number of representative microscopic fields per sample was determined from the count of a blade 40x magnification in fifteen fields. The captured fields were grouped in three sub-samples with increasing number of fields (5, 10 and 15) at random and with replacement.
For each sub-group, the arithmetic mean and standard deviation were calculated. Once the increase in the number of fields did not result in significant reduction in the standard deviation, the minimum number of representative fields was considered (Moro et al., 2004; Fagundes et al., 2005) . In this study, this number occurred after counting ten fields.
Apoptotic cells were identified as showing at least two of the following characteristics: shrunken anoykic, nuclear condensation, nuclear fragmentation, formation of apoptotic bodies and dense nuclear staining compared to normal cells due to chromatin condensation.
The apoptotic index (AI) was then calculated as follows:
Statistical analyses
Statistical comparisons were made using the GraphPad Prism 5 software. The results were presented as mean±standard deviation. Normal parametric variables were compared between groups using ANOVA and subsequent Tukey test. p-values <0.001 were considered significant.
Results
Data for the consumption of food, water and excreta (Table 1) showed reduction in groups exposed to CESAN compared to control groups. Moreover, changes in the body weight between groups did not differ significantly (Table 2) .
In different brain areas studied here, frontal, parietal and occipital lobe, cerebellum, midbrain and olfactory bulb (Figure 1 ), no evidence of significant morphological change was found according to methods used in this study. The same occurred with kidneys ( Figure  2A, B, C) , where different parameters such as internal and external diameter and area of Bowman's capsule were used.
For the liver, changes in cell frequency/area were evident ( Figure 2D ). The groups exposed to CESAN presented significant differences when compared to control groups (p<0.001), and a significant difference was also observed when comparing the group of 25, 50 and 100 mg/ kg body weight/day group and the lowest dose (12.5 mg/ kg/day). The morphology of liver cells shows the presence of shrinkage and changes in the nucleus and cytoplasm condensation (Figure 3) .
The light microscopy revealed an increase in the number of apoptotic cells (Table 2 ) with increasing dose of CESAN administered when compared to control groups. . Columns are the average±SD of twenty slides per group; 1. control group; 2. vehicle control (tween+saline); 3. Annona coriacea extract 12.5 mg/kg body weight/day; 4. Annona coriacea extract 25 mg/kg body weight/day; 5. Annona coriacea extract 50 mg/kg body weight/day; 6. Annona coriacea extract 100 mg/kg body weight/day). *Signifi cant difference compared to group control and vehicle control for p<0.001.
+
Signifi cant difference compared to the experimental group; A. coriace extract 12.5 mg/kg body weight/day for p<0.001.
Discussion
Data on food and water consumption, and weight of excreta show that alcoholic CESAN has toxic effects on the treated animals. Group II that received Tween 80 and saline had no change in relation to group I who received only saline, but treated groups III to VI showed signifi cant differences at p<0.001 for both F and Tukey tests, for food and excreta variations in relation to groups I and II.
Annonaceae have acetogenins that are inhibitors of complex I respiratory chain (NADH ubiquinone reductase) (Degli Esposti, 1998; Tormo et al., 1999) . These substances decrease the general metabolism of the organism and may cause a decrease in feeding activity of animals, at least in the four days of the experiment, enough time to cause decreased body weight of animals in terms of statistical signifi cance, data that putatively can be explained by the small amount of use of body reserves within this time period.
The absence of perceptual morphological alterations in the amount of brain cells in quantitative terms can also be explained by the acute study, since according to Champy and colleagues (2004) , the inhibitory activity of the respiratory chain induces neurodegeneration in mice, with reduction of 44% in ATP production in the cerebral cortex, causing cell loss in the basal ganglia.
For the midbrain, toxic activity and cell death have been reported in cultured dopaminergic neurons in the midbrain of rats exposed to acetogenins (Lannuzel et al., 2003) . In this study, the fact that no changes occur in mesencephalic cells may be associated with the effects of CESAN and not of acetogenins in particular.
The activities of acetogenins are in agreement with reports from Caparros-Lefebvre (1999 , 2002 and Lannuzel et al. (2007) , correlating the appearance, in a Caribbean population that used tea and fruits of plants from the Annonaceae family, of a atypical Parkinsonian syndrome caused by atrophy in regions of the cerebral cortex, midbrain, cerebellum and corpus callosum.
Hypothetically, in quantitative and temporal terms, the blood brain barrier may have been suffi cient to protect the brain from the toxic effects observed by other authors, and this barrier was absent in the cell culture study. The blood-brain barrier hypothesis may explain the absence of changes in the olfactory bulb, a region where there is constant generation of new neurons (Bedard & Parent, 2004) , as occurs in the liver, because this result, in particular, is indicative of the previously mentioned effect due to the action of CESAN observed in post-mitotic cells, such as changes in the apoptotic index observed in the liver of animals treated in this study.
Therefore, an amount-time-toxic effect relationship needs to be checked for the action of extracts from the Annonaceae family, which have proven to have cytotoxic and antitumoral activity (Oberlies et al., 1997; Jaramilho et al., 2000; Grandic et al., 2004; Osorio et al., 2007) , and in particular, extracts derived from Annona coriacea Mart., Annonaceae, showing infl ammatory action, recruitment of neutrophils to the peritoneal cavity of mice and hemagglutinating activity on human and animal erythrocytes (Coelho et al., 2003 (Coelho et al., , 2006 .
In the liver, the decrease in the number of cells per area, changes in the morphology of nucleus of hepatocytes and cytoplasm vacuolization (Figure 3 ), in addition to reduced water and food consumption and excreta production, suggest hepatotoxicity.
Liver alterations may explain the absence of morphological alterations in the brain and kidneys, since they show the high antitoxic activity of this organ, which can decrease the concentration of active substances in circulation, reducing the potentially pathological effects of the kidney and the amount of active substances in circulation suffi cient to cross the blood brain barrier.
An important fact about the liver tissue is the decrease in the number of hepatocytes, since this is an organ with great regeneration capacity due to the high Figure 3 . Morphological differences of the cell nucleus (black arrows) and cytoplasm (white arrows) of hepatocytes of control groups (A) and exposed to higher dose used in this study (100 mg/kg body weight/day) (B), respectively (increase in 1000x HE).
cell mitotic activity (Greene et al., 2003; Petroianu et al., 2004) .
These facts allow corroborating the toxic action of CESAN, also on cell replication, because Fagundes and colleagues (2005) reported genotoxic activity of this extract in mice after verifying the presence of micronuclei in bone marrow cells in a single dose, and data obtained in this study are in agreement with the apoptotic index obtained by the liver analysis.
Another hypothesis to be considered on the absence of morphological alterations in the brain and kidney is about the amount of potentially toxic substances of the seed such as acetogenins with higher concentration in fruits.
In conclusion, the observed changes in the feeding behavior of animals, the number of liver cells, the cell morphology of hepatocytes and the apoptotic index indicate a toxic effect of CESAN at acute treatment doses. The absence of morphological and cell number variations in kidney and brain may hypothetically be explained by (1) the antitoxic action of the liver and/or (2) the action of the blood-brain barrier (3) acute exposure, (4) low concentration of potentially toxic substances in the seeds of the plant.
